Background. In the developing world, household surveys provide high-quality health behavior data integral to public health program management. The Expanded Program on Immunization Contact Method (EPI-CM) is a proposed, less resource-intensive method in which health center staff incorporate health behavior questions into routine vaccination activities. No systematic evaluation of EPI-CM validity has yet been conducted.
Accurate measurement of public health outcomes in communities before, during, and after program implementation is critical to program evaluation and future program adjustments. In many developing world settings, reliable data from routine surveillance systems are lacking. Household (HH) surveys conducted through complex sampling designs often fill this need and are the gold standard for measuring outcomes. However, they require substantial financial and human resources and are often conducted sporadically.
A proposed alternative to the HH survey is to collect data as community members report to clinics for routine infant vaccinations. This alternative surveillance system, which leverages existing Expanded Program on Immunization (EPI) services, has been called the EPI Contact Method (EPI-CM). It has been piloted in Zambia and Sierra Leone as a way to collect data on key outcomes for malaria, gastrointestinal disease, and acute respiratory infectiond3 top developing world pediatric killers. In addition to potential resource savings, EPI-CM promises more timely, locally available, continuously collected data. However, there are no studies comparing estimates from EPI-CM with more established epidemiological methods. In this study, we compare EPI-CM estimates of 4 key infant health outcomes with HH survey estimates.
MATERIALS AND METHODS
Institutional Review Boards at the Emory Rollins School of Public Health, the University of Bamako, and the US Centers for Disease Control and Prevention approved this study. We obtained informed consent from all participating HHs.
HH Survey
We conducted pretested HH surveys in October 2008 and 2009 in Segou District, Mali among children aged 0-23 months. We restricted the primary analysis of validity to infants aged 0-11 to allow comparability to EPI-CM data. The surveys contained questions on 4 health outcomes: (1) bednet use (proportion who slept under a bednet the prior night); (2) fever care-seeking (proportion among those with fever in the past 2 weeks who obtained care from a recommended source, ie, government or private hospital or clinic); (3) respiratory care-seeking (proportion among those with cough or difficulty breathing in the past 2 weeks who obtained recommended care); and (4) appropriate diarrhea treatment (proportion among those with diarrhea in the past 2 weeks who received oral rehydration solution). The 2 study years and 4 outcomes offered 8 opportunities to compare HH survey and EPI-CM estimates. The HH survey included additional survey items including vaccine history for descriptive purposes.
We selected and surveyed HHs through a multistage cluster design using global positioning system (GPS)-enabled Dell Axim X51 (Dell, Austin, TX) handheld computers in a manner described previously [1] . In brief, we selected 60 villages by probability proportional to size. Assisted by a village guide, we mapped all HHs with children aged 0-23 months in selected villages by GPS. We then selected 30 by simple random sample using GPS Sample software Version 2.0.9.1 developed at the US Centers for Disease Control and Prevention. In each selected HH, we included all children aged 0-23 months, obtaining histories from the caretaker. If the caretaker was not home, enumerators made 2 additional attempts before using a randomly preselected alternative HH. No replacements were made for HH refusal. We entered data directly into handheld computers running Visual CE Version 11 (Syware, Cambridge, MA). We estimated unadjusted proportions, standard errors, and 95% confidence intervals (CIs) among the analysis population of infants aged 0-11 months using survey procedures by SAS Version 9.2 (SAS Institute, Cary, NC).
EPI Contact Method
In cooperation with the Malian Ministry of Health, we trained health workers performing routine vaccination activities in all health facilities in Segou District to ask questions about the 4 outcomes and provide brief counseling depending on caretaker response during vaccination activities involving all infants aged 0-11 months. We asked staff to conduct EPI-CM during all fixed and outreach vaccination activities from October 2008 through November 2009. They recorded EPI-CM data in their customary EPI vaccine administration logbooks. For each question, they tallied answers received during that day's vaccine clinic. A study staff member traveled to each health center at the study's conclusion to enter data into a handheld computer. We used EPI-CM data from October through November 2008 and September through November 2009 for comparison to HH survey data from October of the corresponding year.
We used unconditional logistic models in SAS to estimate the unadjusted proportions, robust standard errors, and 95% CIs of the 4 outcomes through generalized estimating equations. The model given by P 5 1 11e 2b 0 is an intercept-only model, because we were interested in estimating the overall proportion without considering any covariates. We used an exchangeable structure to model the within-health-center correlation between individual responses. (Models using other correlation structures including independent, autoregressive, and stationary structures and/or an events-trials data format yielded similar point and standard error estimates to the model using the exchangeable correlation structure to model individual infant observations. Altering the choice of correlation structure or data format did not affect overall study conclusions [data not shown].)
Estimate Comparison
We compared estimates of health behaviors among infants aged 0-11 from the 2 methods (EPI-CM vs HH survey) using equivalence testing [2] [3] [4] . By defining a null hypothesis in which the 2 estimated proportions are different, we allow for the possibility of rejecting the null hypothesis and concluding equivalence. We established a priori that EPI-CM and HH survey estimates were equivalent if a 95% CI about the difference between the 2 estimated proportions fell within (2.10, .10), a commonly selected interval in equivalence testing [2] [3] [4] . Although selection of equivalence bounds is subject to judgment, a 10% difference in estimates represents a programmatically important difference in many settings.
We calculated the 95% CI for the difference of proportions as
, where P EPI-CM and P HH are the estimated proportions from EPI-CM and HH data, respectively, and SE indicates the standard error for the respective proportions, calculated as described above. In doing so, we assumed estimates of proportion from each method were normally distributed and independent.
In addition to evaluating whether point estimates of health behavior proportion were different, we compared the estimated change in health behavior proportion from 2008 to 2009 using each method. We calculated estimated proportions and standard errors for 2008 and 2009 as described above. We calculated the estimated change from 2008 to 2009 using EPI-CM, D EPI-CM , as P EPI-CM2 -P EPI-CM1 , where P EPI-CM2 was the estimated proportion performing a given health behavior in 2009 by EPI-CM and P EPI-CM1 was the estimated proportion in 2008. We calculated a 95% CI for the change as
p , assuming independent and normally distributed estimates of proportion. We calculated the estimated change using the HH survey, D HH , in a parallel fashion. Finally, we calculated a 95% CI for the difference between the estimated changes using each method as
p .
Evaluation of Confounding by Vaccine-Seeking Behavior
The Mali EPI schedule [5] recommends 5 vaccines at 5 different ages during the first year of life, such that an infant would not have the opportunity to be fully vaccinated until the ninth month of life. Summary statistics for children aged 12-23 months in the same population as the analysis cohort of infants aged 0-11 months provide a vaccine coverage standard more easily compared across populations. In this study, we sampled children aged 12-23 months by HH survey from the same district by the same methods to evaluate additional hypotheses reported in a separate manuscript (this supplement). We used immunization statistics for these children such as antigenspecific coverage or full vaccination with all infant EPI vaccines to describe vaccine-seeking behavior in the population as a whole. We extracted immunization data from vaccine cards when available, but we also accepted caregiver reports as proof of vaccination. To assess potential confounding by vaccine-seeking behavior in our study population of infants aged 0-11 months, we stratified HH survey data into 3 vaccination groups: up-to-date, partially vaccinated, or unvaccinated. As a proxy for full vaccination status, we considered infants to be up-to-date if they had received all EPI-recommended vaccines according to their age at the time of the survey by the completion of the recommended week or month of life (Table 1) .
Sample Size Calculations
We based sample size calculations on the primary analysis evaluating EPI-CM and HH survey estimates of proportion for equivalence. We estimated that 30% of children would report the recommended behavior. We calculated the unadjusted sample size (n) for a 2-sided equivalence test using the z test for unpooled variances in Power Analysis and Sample Size (PASS by NCSS, Kaysville, UT). We defined the maximum allowable difference (d) between the estimates as 10% and used an a of .05 and a b of .80. After adjusting for 10% nonresponse and assuming a design effect of 2.5, we obtained a sample size of 1000 per method. In Table 3 , we compare HH survey health behavior estimates to EPI-CM estimates. Estimates of bednet use by standard HH survey were high, 85.1% and 90.5% in 2008 and 2009, respectively. Estimates of recommended care behaviors for infants ill with fever, respiratory complaints, and diarrhea were considerably lower and ranged from 11.8% to 31.6%. The absolute difference between HH survey and EPI-CM estimates ranged from 5.8% to 44.6% across the 4 health behaviors. EPI-CM estimates were systematically higher than HH survey estimates. The estimates of proportion using bednets in 2009 were equivalent by a priori criteria with a difference of 5.8% (95% CI: 3.2%-8.4%) in a setting of high bednet use (90.5% by HH survey). The CIs around the 7 other differences between health behavior estimates extended beyond the predefined equivalence range (210%, 10%) (Figure 1 ). Thus, we had insufficient evidence to conclude that the 2 methods yielded equivalent proportions in all but 1 case. We considered children up to date for vaccines if they had received the recommended number of doses by the end of the recommended week or month. If doses were recommended at birth, then children of any age needed to have received them to be considered up to date. For example, we considered a 6-week-old child up to date if he had received at least 1 dose of Bacillus Calmette-Gué rin (BCG) and oral polio vaccine (OPV), but a 7-week-old child would need at least 1 dose of BCG, 2 doses of OPV, and 1 dose of DiphtheriaTetanus-acellular-Pertussis-Hepatitis B-H. influenzae Type b vaccine to be considered up to date [5] . (Table 3 ). The changes in proportion of infants with fever careseeking (.8%, 95% CI: 27.9, 9.4), respiratory care-seeking (2.2%, 95% CI: 28.2, 12.7), and appropriate diarrhea treatment (5.7%, 95% CI: 23.7, 15.1) were not significant over the study period, although estimates were imprecise based on sample size. The difference between estimates of change using the HH survey and EPI-CM were small for 3 of 4 health behaviors. They were 2.4 (95% CI: 27.7, 7.0), 2.1 (95% CI: 218.4, 18.3), and 22.8 (95% CI: 221.8, 16.2) for bednet use, fever care-seeking, and respiratory care-seeking, respectively. For appropriate diarrhea treatment, the HH survey estimate of a 5.7% increase was substantially different from the EPI-CM estimate of a 4.9% decrease. The difference between these estimates was 210.6% (95% CI: 229.2, 8.1). CIs for all differences between estimated changes were wide.
RESULTS

In the
HH survey, we interviewed parents or guardians of 505 infants aged 0-11 months in 2008 and 895 infants in 2009 for a total of 1400 infants (
Evaluation of Confounding by Vaccine-Seeking Behavior
We found some heterogeneity in vaccine-seeking behavior, suggesting the opportunity for confounding. According to HH surveys conducted among children aged 12-23 months, living in Vaccine-seeking behavior is likely to be associated with being surveyed through EPI-CM, because EPI-CM data were collected among children attending vaccine clinics. The odds ratios for bednet use, fever care-seeking, respiratory care-seeking, and appropriate diarrhea treatment comparing up-to-date to unvaccinated infants were all statistically significant at 2.12 (95% CI: 1.24-3.63), 2.37 (95% CI: 1.21-4.64), 3.42 (95% CI: 1.11-10.53), and 9.39 (95% CI: 1.15-76.55), respectively. These relationships suggest that vaccine-seeking behavior may confound health behavior estimates obtained through EPI-CM when it is heterogeneous as it was in this population.
To further evaluate confounding by vaccine-seeking behavior, we estimated the difference between HH survey and EPI-CM estimates again but stratified HH survey data by vaccination history among infants aged 0-11 months (Table 4 ). The differences between the estimates became smaller as vaccine coverage increased. For up-to-date infants, the 95% CIs for difference in bednet estimates in both years fell completely within the predefined equivalence range (2.10, .10). Differences between other health behaviors continued to be large, and CIs extended beyond our predefined equivalence range.
DISCUSSION
This study reveals substantial differences between most health behavior estimates obtained through standard HH survey methods (unrestricted sample) and EPI-CM. In only 1 of 8 comparisons were the unadjusted estimates equivalent by a priori criteria, and in most cases the magnitude of the differences was considerable. The mean estimated bias was 23.9% (range: 5.8-44.6%). For the 2008 estimates of the proportion of caregivers reporting fever care-seeking, the HH survey and EPI-CM estimates were 11.8% and 56.3%, respectively. Such differences could lead to dramatically different conclusions about the current public health situation as well as the impact of programs designed to modify health behaviors. Although the HH survey itself may be subject to bias, it is unlikely that it would explain differences of this magnitude. We exceeded sample size goals for EPI-CM but did not meet them for the HH survey. However, with the exception of bednet use, the 95% CIs about the differences in estimated proportions for health behaviors fell well outside of the equivalence range. Therefore, it is unlikely that recruiting a larger sample would have allowed us to demonstrate equivalence.
Estimates of bednet use were relatively similar in a setting of high bednet use. Of the 8 primary outcomes, bednet use in 2009 was the most common behavior at 90.5% by HH survey. At suchcomparing estimates of change in the absence of actual change is limited. If EPI-CM suggested substantial change in the absence of change seen by HH survey, it would suggest bias, but the fact that both tended to show no change does not allow us to conclude that EPI-CM would validly indicate true change. In the case of bednet usedwhere the HH survey showed a marginally significant increase of 5.4% over timedEPI-CM estimated a comparable 5.0% increase. However, the CI for the difference between estimates of change is too wide for definitive conclusions about EPI-CM validity for estimates of change. Although potentially appealing from a resource allocation standpoint, in this study EPI-CM resulted in substantially different measurements of most health behaviors compared with the standard HH survey. The mean estimated difference in estimates was 23.9%. The many methodological drawbacks of EPI-CM make it most likely that these differences are due to biases in EPI-CM. A mean bias of 5.1% can be attributed to selection bias due to differences in vaccine-seeking behavior, leaving a mean bias of 18.8% attributable to other causes such as misreporting. EPI-CM did not produce reliable population estimates of health behaviors in this study.
